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GEAR CHANGE-SPEED UNIT FOR AUTOMATIC TRANSMISSION 



BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a gear change-speed unit for an 
5 automatic transmission, comprising an input part, three planetary-gear sets, 
three clutches, two brakes, and an output part wherein engaging/releasing 
as appropriate the three clutches and two brakes serving as change-speed 
elements achieves at least 6 forward speeds and 1 reverse speed. 
[0002] JP-A 4-219553 (= FR2656055) shows a gear change-speed unit for 

10 an automatic transmission, comprising an input shaft, a single-pinion type 
planetary-gear set, a Simpson-type planetary-gear train including a 
combination of two single-pinion type planetary-gear sets, three clutches, 
two brakes, and an output shaft wherein engaging/releasing as appropriate 
the three clutches and two brakes serving as change-speed elements 

15 achieves 6 forward speeds and 1 reverse speed. 
SUMMARY OF THE INVENTION 

[0003] The gear change-speed unit comprising single-pinion type 
planetary-gear set and Simpson-type planetary-gear train as disclosed in 
the reference has the following advantages: 
20 I) Favorable unit strength, since in the Simpson-type planetary-gear 

train, torque-transfer flow at first speed where torque becomes maximum is 
shared among all members; and 

II) Favorable gear strength and life, carrier rigidity, and the like, 
since the Simpson-type planetary-gear train adopts ring-gear input, which 

2 5 allows a 50 percent reduction in tangential force with respect to sun-gear 
input. 

[0004] On the other hand, the above gear change-speed unit presents the 
following problems: 

III) Necessity of carrier input to the Simpson-type planetary-gear 
30 train so as to achieve overdrive (O/D) speed. If input and output shafts are 

arranged coaxially, an input path to the carrier cannot be established in the 
single-pinion type planetary-gear set having merely three rotary members; 
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and 

IV) Occurrence of necessity of arrangement of the input and output 
shafts on different parallel axes so as to establish an input path to the 
carrier. This results in an increase in radial dimension of the transmission. 

5 [0005] In order to solve the problems III) and IV), the reference proposes a 
gear change-speed unit comprising a Ravigneaux-type compound 
planetary-gear train in place of Simpson-type planetary-gear train. 
[0006] The gear change-speed unit comprising Ravigneaux-type compound 
planetary-gear train allows coaxial arrangement of all components to avoid 
10 arrangement on different parallel axes, but presents the following problems: 

V) Unfavorable mechanical strength, since maximum torque of the 
gear train (at first speed) is applied to one double-pinion type 
planetary-gear set of the Ravigneaux-type compound planetary-gear train; 

VI) Unfavorable gear strength and life, carrier rigidity, and the like, 
15 since torque increased by a single-pinion type planetary-gear set or 

reduction gear is input to a sun gear of the Ravigneaux-type compound 
planetary-gear train, which increases a tangential force with 
respect to ring-gear input; 

VII) Enlargement of the Ravigneaux-type compound planetary-gear 
20 train and thus the transmission, since both achievement of the mechanical 

strength of the compound planetary-gear train at first speed, such as gear 
strength and life, and enhancement in carrier rigidity are required; and 

VIII) Poor fuel consumption, since the Ravigneaux-type compound 
planetary-gear train has torque circulation occurring at certain speeds to 

2 5 reduce the transfer efficiency thereat. 

[0007] In other words, the gear change-speed unit comprising single-pinion 
type planetary-gear set and Ravigneaux-type compound planetary-gear 
train not only loses the advantages I) and II) provided by the gear 
change-speed unit comprising single-pinion type planetary-gear set and 

30 Simpsbn-type planetary-gear train, but also fails to solve the problems III) 
and IV), since enlargement of the Ravigneaux-type compound 
planetary-gear train leads to inevitable enlargement of the transmission. 
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[0008] It is an object of the present invention to provide a gear 
change-speed unit for an automatic transmission, which allows excellent 
fuel consumption and higher gear-ratio selection flexibility without any 
increase in size while maintaining the strength advantage of the gear train. 
5 Another object of the present invention is to provide a gear change-speed 
unit for an automatic transmission having excellent vehicle mountability. 
[0009] The present invention provides generally a gear change-speed unit 
for an automatic transmission, which comprises: an input part which 
receives rotation of a power source; an output part arranged coaxially with 

10 the input part; planetary-gear sets which provide transfer paths between the 
input and output parts; and clutches and brakes arranged to be engaged 
and released selectively, the clutches and brakes selecting one of the 
transfer paths of the planetary-gear sets to change rotation of the input part 
at a corresponding gear ratio and provide it to the output part, the clutches 

15 and brakes allowing at least 6 forward speeds and 1 reverse speed by a 
combination of engagement and release of the clutches and brakes, 
wherein the first planetary-gear set comprises a first sun gear, a first 
pinion meshed with the first sun gear, a first ring gear meshed with the first 
pinion, and a first carrier supporting the first pinion, the first planetary-gear 

2 0 set reducing input rotation at all times, the second planetary-gear set 
comprises a second sun gear, a second pinion meshed with the second sun 
gear, a second ring gear meshed with the second pinion, and a second 
carrier supporting the second pinion, and the third planetary-gear set 
comprises third and fourth sun gears, a third pinion meshed with the third 

2 5 and fourth sun gears, a third ring gear meshed with the third pinion, and a 
third carrier receiving and providing rotation between the third and fourth 
sun gears through a center member coupled to a side member which 
rotatably supports the third pinion, the third sun gear being close to the 
input part, the fourth sun gear being distant from the input part, wherein the 

30 second and third planetary-gear sets constitute a change-speed 
planetary-gear set, and wherein the first, second, and third planetary-gear 
sets are disposed in parallel in this order from the side of the input part. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The other objects and features of the present invention will become 
apparent from the following description with reference to the accompanying 
drawings, wherein: 

5 [0011] FIG. 1 is a block diagram showing a first embodiment of a gear 
change-speed unit for an automatic transmission according to the present 
invention; 

[0012] FIG. 2 is an engagement logic table illustrating the relationship 
between engagement of friction elements of the gear change-speed unit and 

10 selection of a gear ratio; 

[0013] FIG. 3 is an alignment chart showing the rotating state of rotary 
members of the gear change-speed unit at each speed; 
[0014] FIGS. 4A-4C are diagrams similar to FIG. 1, showing torque-transfer 
paths in the gear change-speed unit at first, second, and third forward 

15 speeds, respectively; 

[0015] FIGS. 5A-5C are diagrams similar to FIG. 4C, showing 
torque-transfer paths in the gear change-speed unit at fourth, fifth, and 
sixth forward speeds, respectively; 

[0016] FIG. 6 is a diagram similar to FIG. 5C, showing a torque-transfer 
20 path in the gear change-speed unit at reverse speed; 

[0017] FIG. 7 is a diagram similar to FIG. 6, showing torque circulation 
occurring at second speed in a gear change-speed unit comprising a 
Ravigneaux-type compound planetary-gear train; 

[0018] FIGS. 8A and 8B are schematic drawings showing torque-transfer 
2 5 paths in Simpson-type planetary-gear train and Ravigneaux-type compound 
planetary-gear train at first speed, respectively; 

[0019] FIG. 9 is a drawing similar to FIG. 8B, explaining a difference in 
tangential force between carrier input and ring-gear input in a 
planetary-gear set; 

30 [0020] FIGS. 10A-10C are drawings similar to FIG. 9, explaining the 
advantage of the gear change-speed unit of the present invention with 
respect the gear change-speed unit comprising Simpson-type 
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planetary-gear train; 

[0021] FIG. 11 is a table similar to FIG. 2, illustrating a performance 
comparison between the gear change-speed unit comprising 
Ravigneaux-type compound planetary-gear train and the gear 
5 change-speed unit comprising Ishimaru-type planetary-gear train;, 

[0022] FIG. 12 is a longitudinal sectional view showing the gear 
change-speed unit in FIG. 1; 

[0023] FIG. 13 is a diagram similar to FIG. 7, showing a second 

embodiment of the gear change-speed unit; 
10 [0024] FIG. 14 is a chart similar to FIG. 3, showing the rotating state of 

rotary members of the gear change-speed unit in FIG. 13 at each speed; 

[0025] FIGS. 15A-15C are diagrams similar to FIG. 13, torque-transfer 

paths in the gear change-speed unit in FIG. 13 at first, second, and third 

forward speeds, respectively; 
15 [0026] FIGS. 16A-16C are diagrams similar to FIG. 15C, showing 

torque-transfer paths in the gear change-speed unit in FIG. 13 at fourth, 

fifth, and sixth forward speeds, respectively; 

[0027] FIG. 17 is a diagram similar to FIG. 16C, showing a torque-transfer 
path in the gear change-speed unit in FIG. 13 at reverse speed; and 
20 [0028] FIG. 18 is a view similar to FIG. 12, showing the gear change-speed 
unit in FIG. 13. 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] Referring to the drawings, a description is made about the gear 
change-speed unit embodying the present invention. 

25 [0030] Referring to FIG. 1, there is shown first embodiment of the present 
invention. The gear change-speed unit comprises a first planetary-gear set 
G1, a second planetary-gear set G2 ; a third planetary-gear set G3, a first 
coupling member M1, a second coupling member M2, a first clutch C1, a 
second clutch C2, a third clutch C3, a first brake B1, a second brake B2, an 

30 input part "Input" or input shaft 1, and output part "Output" or output gear 2. 
[0031] The gear change-speed unit of the reduction single-pinion type 
so-called has first planetary-gear set or reduction planetary-gear set G1 
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comprising a single-pinion type planetary-gear set and serving as a 
reduction gear, second planetary-gear set G2 of the single-pinion type, and 
third planetary-gear set G3 of the double-sun-gear type arranged coaxially 
in this order from a left end or end close to the input part "Input" in FIG. 1. 
5 The first planetary-gear set G1 constitutes a reduction planetary-gear set, 
whereas the second planetary-gear set G2 and the third planetary-gear set 
G3 constitute a change-speed planetary-gear set (refer hereafter to as 
Ishimaru-type planetary-gear train occasionally). 

[0032] The first planetary-gear set G1 comprises a single-pinion type 

10 planetary-gear set including a first sun gear S1, a first ring gear R1, a first 
pinion P1 meshed with the gears S1, R1, and a first carrier PC1 for rotatably 
supporting the first pinion P1. The second planetary-gear set G2 
comprises a single-pinion type planetary-gear set including a second sun 
gear S2, a second ring gear R2, a second pinion P2 meshed with the gears 

15 S2, R2, and a second carrier PC2 for rotatably supporting the second pinion 
P2. The third planetary-gear set G3 comprises a double-sun-gear type 
planetary-gear set including a third sun gear S3 close to the input part "In 
put" and a fourth sun gear S4 distant therefrom, a third pinion P3 meshed 
with the sun gears S3, S4, a third carrier PC3 for rotatably supporting the 

20 third pinion P3, and a third ring gear R3 meshed with the third pinion P3. 
The third and fourth sun gears S3, S4 are arranged coaxially, but do not 
necessarily require the same number of teeth. Provided to the third carrier 
PC3 are a center member CM extending therefrom radially inward through a 
space between the sun gears S3, S4, and an outer member OM extending 

2 5 therefrom radially outward. Actually, the outer member OM is in specific 
disposition as will be described later. The center member CM is integrated 
with the third carrier PCS, and is disposed to pass through a space defined 
between adjacent teeth of the third pinion P3 located on an arrangement 
pitch circle thereof and extend radially inward through a space between the 

30 sun gears S3, S4. 

[0033] The input part "Input" comprises input shaft 1 which is coupled to the 
first ring gear R1, and also to a unillustrated engine or power source 
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through a unillustrated torque converter so as to provide engine rotation to 
the first ring gear R1 through the input shaft 1. The output part "Output" 
comprises output gear 2 which is coaxially coupled to the second coupling 
member M2 for providing coupling between the second carrier PC2 and the 
5 third ring gear R3 and forming an integrated unit thereof so as to transfer 
transmission output rotation of the output gear 2 to automotive driving 
wheels through a final-gear set and a differential-gear device, not shown. 
The first coupling member M1 is a coupling member for providing integral 
coupling between the second sun gear S2 and the third sun gear S3 to form 

10 an integral unit thereof. 

[0034] In the first planetary-gear set G1, the first sun gear S1 is coupled to 
a transmission casing 3 for fixing at all times, whereas the first carrier PC1 
can be coupled as required to the second ring gear R2 through the first 
clutch C1 and also to the second sun gear S2 through the second clutch C2. 

15 The center member CM of the third carrier PC3 can be coupled as required 
to the input shaft 1 through the third clutch C3. In the third 
planetary-gear set G3, the outer member OM of the third carrier PC3 
can be coupled as required to the transmission casing 3 through the first 
brake B1 so as to achieve fixing of the third carrier PC3 as required, 

2 0 whereas the fourth sun gear S4 can be coupled as required to the 
transmission casing 3 through the second brake B2 so as to achieve fixing 
of the fourth sun gear S4 as required. 

[0035] By engaging or releasing the clutches C1, C2, C3 and the brakes B1, 
B2 in the combination shown in FIG. 2, the gear change-speed unit 

2 5 constructed as described above can select corresponding speed. Note 
that in FIG. 2, cells with circle designate engagement, and cells with no 
circle designate release. A unillustrated control-valve body for shift control 
is connected to the clutches C1, C2, C3 and the brakes B1, B2 to achieve 
an engagement logic for this shifting. The control-valve body may be of 

30 the hydraulically controlled type, the electronically controlled type, or the 
combined type having the features of the two. 

[0036] Referring to FIGS. 2-6, shift operation of the gear change-speed unit 
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is described. Referring to FIG. 3 which is an alignment chart showing the 
rotating state of rotary members of the gear change-speed unit at each 
speed, the boldest line is involved in the first planetary-gear set G1, and the 
bold line is involved in the change-speed planetary-gear set comprising 
5 second and third planetary-gear sets G2, G3. Referring to FIGS. 4A-6 
which are block diagrams showing torque-transfer paths in the gear 
change-speed unit at respective speeds, the bold line shows a 
torque-transfer path of the clutches, brakes, and members, and the hatching 
shows gears involved in torque transfer. 

10 [0037] First speed : As shown in FIG. 2, first speed is obtained by 
engagement of the first clutch C1 and the first brake B1. At first speed, in 
the second planetary-gear set G2, engagement of the first clutch C1 causes 
input of reduced rotation of the first planetary-gear set G1 to the second 
ring gear R2. On the other hand, in the third planetary-gear set G3, since 

15 engagement of the first brake B1 causes fixing of the third carrier PC3 to 
the transmission casing 3, the third sun gear S3 produces 
reverse-direction reduced rotation with respect to output rotation of the 
third ring gear R3. Rotation of the third sun gear S3 is transferred to the 
second sun gear S2 of the second planetary-gear set G2 through the first 

20 coupling member M1. 

[0038] Thus, the second planetary-gear set G2 receives normal-direction 
reduced rotation through the second ring gear R2 and reverse-direction 
reduced rotation through the second sun gear S2. Rotation obtained by 
further decreasing reduced rotation of the second ring gear R2 is provided 

25 to the output gear 2 through the second carrier PC2 and the second 
coupling member M2. That is, as shown in FIG. 3, first speed is defined by 
the line connecting an engagement point of the first clutch C1 where 
reduced rotation of the first planetary-gear set G1 is input to the second ring 
gear R2 and an engagement point of the first brake B1 where rotation of the 

30 third carrier PC3 is stopped. And input rotation of the input shaft 1 is 
reduced and provided through the output gear 2. 

[0039] A torque-transfer path at first speed is as shown in FIG. 4A. Thus, 
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torque acts on the first clutch C1, first brake B1, and members shown by the 
bold line and the first, second, and third planetary-gear sets G1, G2, G3 
(except the fourth sun gear S4) shown by the hatching. Specifically, at first 
speed, the first planetary-gear set G1 and the second and third 
5 planetary-gear sets G2, G3 constituting the Ishimaru-type planetary-gear 
train are involved in torque transfer. 

[0040] Second speed : As shown in FIG. 2, second speed is obtained by 
releasing the first brake B1 as engaged at first speed and engaging the 
second brake B2, i.e. by engagement of the first clutch C1 and the second 

10 brake B2. At second speed, in the second planetary-gear set G2, 
engagement of the first clutch C1 causes input of reduced rotation of the. 
first planetary-gear set G1 to the second ring gear R2. On the other hand, 
in the third planetary-gear set G3, engagement of the second brake B2 
causes fixing of the fourth sun gear S4 to the transmission casing 3, thus 

15 achieving fixing of the third sun gear S3 coupled to the third pinion P3. 
This causes fixing of the second sun gear S2 coupled to the third sun 
gear S3 through the first coupling member M1. 

[0041] Thus, the second planetary-gear set G2 receives normal-direction 
reduced rotation through the second ring gear R2, and has the second sun 

2 0 gear S2 fixed to the transmission casing 3. Rotation obtained by further 
decreasing reduced rotation of the second ring gear R2 is provided to the 
output gear 2 through the second carrier PC2 and the second coupling 
member M2. That is, as shown in FIG. 3, second speed is defined by the 
line connecting the engagement point of the first clutch C1 where reduced 

2 5 rotation of the first planetary-gear set G1 is input to the second ring gear R2 
and an engagement point of the second brake B2 where rotation of the 
fourth sun gear S4 is stopped. And input rotation of the input shaft 1 is 
reduced and provided through the output gear 2. Note that a reduction 
amount at second speed is smaller than that at first speed. 

30 [0042] A torque-transfer path at second speed is as shown in FIG. 4B. 
Thus, torque acts on the first clutch C1, second brake B1, and members 
shown by the bold line and the first and second planetary-gear sets G1, G2 
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shown by the hatching. With the third planetary-gear set G3, the non-fixed 
third pinion P3, which revolves simply around the fixed sun gears S3, S4 
with output rotation of the third ring gear R3, is not involved in torque 
transfer though it functions as a rotary member. 
5 [0043] Third speed : As shown in FIG. 2, third speed is obtained by 
releasing the second brake B2 as engaged at second speed and engaging 
the second clutch C2, i.e. by engagement of the first and second clutches 
C1, C2. At third speed, in the second planetary-gear set G2 ( engagement 
of the first clutch C1 causes input of reduced rotation of the first 

10 planetary-gear set G1 to the second ring gear R2. Simultaneously, 
engagement of the second clutch C2 causes input of this reduced rotation to 
the second sun gear S2 of the second planetary-gear set G2. 
[0044] Thus, the second planetary-gear set G2 receives the same reduced 
rotation through the second ring gear R2 and the second sun gear S2. 

15 Reduced rotation of the second carrier PC2 which rotates together with the 
gears R2, S2 is provided to the output gear 2 through the second 
coupling member M2. Note that this reduced rotation is the same as 
that of the first planetary-gear set G1. That is, as shown in FIG. 3, third 
speed is defined by the line connecting the engagement point of the first 

20 clutch C1 where reduced rotation of the first planetary-gear set G1 is input 
to the second ring gear R2 and an engagement point of the second clutch 
C2 where reduced rotation of the first planetary-gear set G1 is input to the 
second sun gear S2. And input rotation of the input shaft 1 is reduced and 
provided through the output gear 2. Note that this input rotation is reduced 

2 5 at the same reduction ratio as that of the first planetary-gear set G1. 

[0045] A torque-transfer path at third speed is as shown in FIG. 4C. Thus, 
torque acts on the first and second clutches CI, C2 and members shown by 
the bold line and the first and second planetary-gear sets G1, G2 shown by 
the hatching. The third planetary-gear set G3 is not involved in torque 

30 transfer. 

[0046] Fourth speed : As shown in FIG. 2, fourth speed is obtained by 
releasing the second clutch C2 as engaged at third speed and engaging the 
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third clutch C3, i.e. by engagement of the first and third clutches C1, C3. 
At fourth speed, in the second planetary-gear set G2, engagement of the 
first clutch C1 causes input of reduced rotation of the first planetary-gear set 
G1 to the second ring gear R2. On the other hand, in the third 
5 planetary-gear set G3, engagement of the third clutch C3 causes input of 
input rotation of the input shaft 1 to the third carrier PC3 through the center 
member CM. This increases rotation of the third sun gear S3 with respect 
to that of the third ring gear R3, which is transferred to the second sun gear 
S2 through the first coupling member M1. 

10 [0047] Thus, the second planetary-gear set G2 receives reduced rotation 
through the second ring gear R2 and increased rotation through the second 
sun gear S2. Rotation obtained by increasing reduced rotation of the 
second ring gear R2 is provided to the output gear 2 through the second 
carrier PC2 and the second coupling member M2. Note that this increased 

15 rotation is lower than input rotation. That is, as shown in FIG. 3, fourth 
speed is defined by the line connecting the engagement point of the 
first clutch C1 where reduced rotation of the first planetary-gear set 
G1 is input to the second ring gear R2 and an engagement point of the third 
clutch C3 where rotation of the third carrier PC3 is input to the first carrier 

20 PC1. And input rotation of the input shaft 1 is slightly reduced and 
provided through the output gear 2. 

[0048] A torque-transfer path at fourth speed is as shown in FIG. 5A. 
Thus, torque acts on the first and third clutches C1 , C3 and members shown 
by the bold line and the first, second, and third planetary-gear sets G1, G2, 

25 G3 (except the fourth sun gear S4) shown by the hatching. 

[0049] Fifth speed : As shown in FIG. 2, fifth speed is obtained by releasing 
the first clutch CI as engaged at fourth speed and engaging the second 
clutch C2, i.e. by engagement of the second and third clutches C2, C3. At 
fifth speed, engagement of the second clutch C2 causes input of reduced 

30 rotation of the first planetary-gear set G1 to the third sun gear R3 through 
the second sun gear S2 and the first coupling member M1. Simultaneously, 
engagement of the third clutch C3 causes input of input rotation of the input 
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shaft 1 to the third carrier PC3 through the center member CM. 
[0050] Thus, the third planetary-gear set G3 receives input rotation through 
the third carrier PC3 and reduced rotation through the third sun gear S3. 
Increased rotation with respect to input rotation is provided to the output 
5 gear 2 through the third ring gear R3 and the second coupling member M2. 
That is, as shown in FIG. 3, fifth speed is defined by the line connecting the 
engagement point of the second cutch C2 where reduced rotation of first 
planetary-gear set G1 is input to the third sun gear S3 and the engagement 
point of the third clutch C3 where rotation of the third carrier PC3 is input to 
10 the first carrier PC1. And input rotation of the input shaft 1 is slightly 
increased and provided through the output gear 2. 

[0051] A torque-transfer path at fifth speed is as shown in FIG. 5B. Thus, 
torque acts on the second and third clutches C2, C3 and members shown 
by the bold line and the first and third planetary-gear sets G1, G3 (except 

15 the fourth sun gear S4) shown by the hatching. 

[0052] Sixth speed : As shown in FIG. 2, sixth speed is obtained by 
releasing the second clutch C2 as engaged at fifth speed and engaging 
the second brake B2, i.e. by engagement of the third clutch C3 and the 
second brake B2. At sixth speed, engagement of the third clutch C3 

20 causes input of input rotation of the input shaft 1 to the third carrier PC3 
through the center member CM. Moreover, engagement of the second 
brake B2 causes fixing of the fourth sun gear S4 of the third planetary-gear 
set G3 to the transmission casing 3. 

[0053] Thus, the third planetary-gear set G3 receives input rotation through 
2 5 the third carrier PC3, and has the fourth sun gear S4 fixed to the 
transmission casing 3. Increased rotation with respect to input rotation is 
provided to the output gear 2 through the third ring gear R3 and the second 
coupling member M2. That is, as shown in FIG. 3, sixth speed is defined 
by the line connecting the engagement point of the third clutch C3 where 
30 rotation of the third carrier PC3 is input to the first carrier PC1 and the 
engagement point of the second brake B2 where the fourth sun gear S4 is 
fixed to the transmission casing 3. And input rotation of the input shaft 1 is 
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increased and provided through the output gear 2. 

[0054] A torque-transfer path at sixth speed is as shown in FIG. 5C. Thus, 
torque acts on the third clutch C3, second brake B2, and members shown 
by the bold line and the third planetary-gear set G3 (except the third sun 
5 gear S3) shown by the hatching. 

[0055] Reverse : As shown in FIG. 2, reverse speed is obtained by engaging 
the second clutch C2 and the first brake B1. At reverse speed, 
engagement of the second clutch C2 causes input of reduced rotation of the 
first planetary-gear set G1 to the third sun gear S3 through the second sun 
10 gear S2 and the first coupling member M1. Moreover, engagement of the 
first brake B1 causes fixing of the third carrier PC3 to the transmission 
casing 3. 

[0056] Thus, the third planetary-gear set G3 receives normal-direction 
reduced rotation through the third sun gear S3, and has the third carrier 

15 PC3 fixed to the transmission casing 3. Reverse-direction reduced rotation 
of the third ring gear R3 is provided to the output gear 2 through 
the second coupling member M2. That is, as shown in FIG. 3, reverse 
speed is defined by the line connecting the engagement point of the second 
cutch C2 where reduced rotation of the first planetary-gear set G1 is input to 

20 the third sun gear S3 and the engagement point of the first brake B1 where 
rotation of the third carrier PC3 is stopped. And input rotation of the input 
shaft 1 is reduced in the reverses direction and provided through the output 
gear 2. 

[0057] A torque-transfer path at reverse speed is as shown in FIG. 6. 
25 Thus, torque acts on the second clutch C2, first brake B1, and members 
shown by the bold line and the first and third planetary-gear sets G1, G3 
(except the fourth sun gear S4) shown by the hatching. 

[0058] The essential concept of the gear change-speed unit of the present 
invention is to establish. 6 forward speeds through three clutches and two 
30 brakes using essentially a combination of the reduction planetary-gear set 
and the Simpson-type compound planetary-gear train without producing the 
aforementioned problems III) and IV) of the Simpson-type planetary-gear 
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train, nor any inevitable new problem when adopting the gear change-speed 
unit including reduction planetary-gear set and Ravigneaux-type compound 
planetary-gear train. 

[0059] Making a comparison with the gear change-speed unit comprising 
5 Simpson-type planetary-gear train or Ravigneaux-type compound 
planetary-gear train, the advantages of the present invention over the 
reference are described. 

[0060] As described above, the Simpson-type planetary-gear train has the 
following advantages and disadvantage: 
10 A) Favorable mechanical strength, since in the Simpson-type 

planetary-gear train, torque-transfer flow at first speed where torque 
becomes maximum is shared among all members as shown in FIG. 8A; 

B) Favorable gear strength and life, carrier rigidity, and the like, 
since the Simpson-type planetary-gear train adopts ring-gear input, which 

15 allows a 50 percent reduction in tangential force with respect to sun-gear 
input. Specifically, referring to FIG. 9, when the same torque is input 
to the planetary-gear set, ring-gear input f is 1/2-1/2.5 smaller in 
tangential force than sun-gear input F; and 

C) Necessity of carrier input to the Simpson-type planetary-gear 
2 0 train so as to achieve overdrive speed. If input and output shafts are 

arranged coaxially, an input path to the carrier shown by the broken line in 
FIG. 10B cannot be established in the single-pinion type planetary-gear set 
having merely three rotary members as shown in FIG. 10A. Thus, there 
occurs the necessity of arrangement of the input and output shafts on 
25 different parallel axes so as to establish an input path to the carrier for 
actualization of overdrive speed. This results in an increase in radial 
dimension of the transmission. 

[0061] When adopting the gear change-speed unit comprising 
Ravigneaux-type compound planetary-gear train in place of Simpson-type 
30 planetary-gear train. so as to eliminate the disadvantage C), the unit allows 
coaxial arrangement of the input and output shafts, but presents the 
following inconveniences: 
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D) Unfavorable mechanical strength, since maximum torque of the 
gear train (at first speed) is applied to one double-pinion type 
planetary-gear set of the Ravigneaux-type compound planetary-gear train 
as shown in FIG. 8B; 
5 E) Unfavorable gear strength and life, carrier rigidity, and the like, 

since torque increased by a single-pinion type planetary-gear set or 
reduction planetary-gear set is input to a sun gear of the Ravigneaux-type 
compound planetary-gear train as shown in FIG. 7, which increases a 
tangential force with respect to ring-gear input for the reason described at 
10 B); 

F) Enlargement of the Ravigneaux-type compound planetary-gear 
train and thus the transmission, since both achievement of the mechanical 
strength of the compound planetary-gear train at first speed, such as gear 
strength and life, and enhancement in carrier rigidity are required; and 

15 G) Poor fuel consumption, since the Ravigneaux-type compound 

planetary-gear train has torque circulation occurring at second speed 
as shown in FIG. 7 to reduce the transfer efficiency thereat. Referring 
to FIG. 7, torque circulation is derived from the third ring gear R3 where 
torque is diverged into output torque (2.362) and circulation torque (1.77). 

20 Circulation torque is internally circulated through the third ring gear R3 and 
the second pinion P2 when second speed is selected. 

[0062] The Ishimaru-type planetary-gear train comprising second and third 
planetary-gear sets G2, G3 according to the present invention has the 
following features: 

25 a) Possible arrangement of input and output parts in the same way 

as the Ravigneaux-type compound planetary-gear train while achieving 
carrier input which is indispensable for obtaining overdrive speed. 
Specifically, referring to FIG. 10C, the third planetary-gear set G3 
constituting Ishimaru-type planetary-gear train is larger in the number of 

30 members such that (2 members out of the sun gear) + (1 member out of the 
ring gear) + (2 axial and radial members out of the carrier) = 5 members, 
and allows, particularly, radial input between the two sun gears through the 
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center member. This allows carrier input which actualizes higher gear 
ratios, e.g. fourth to sixth speeds in this embodiment; 

b) Favorable mechanical strength, since maximum torque or 
first-speed transfer torque of the gear train is applied to both the second 

5 and third planetary-gear sets G2, G3 constituting Ishimaru-type 
planetary-gear train as shown in FIG. 4A to share first-speed torque among 
all members; 

c) Favorable gear strength and life, carrier rigidity, and the like and 
thus possible downsizing, since, at first and second speeds where transfer 

10 torque is larger, torque increased by the first planetary-gear set G1 is input 
to the Ishimaru-type planetary-gear train through the second ring gear R2 
as shown in FIGS. 4A and 4B, which allows a reduction in tangential force 
with respect to the Ravigneaux-type compound planetary-gear train which 
adopts sun-gear input; 

15 d) Possible downsizing of the gear change-speed unit and thus the 

transmission, since the Ishimaru-type planetary-gear train is 

superior in mechanical strength and in gear strength and life, carrier 
rigidity, and the like to the Ravigneaux-type compound planetary-gear train, 
and allows coaxial arrangement of the input and output parts in the same 

2 0 way as the Ravigneaux-type compound planetary-gear train; 

e) Excellent fuel consumption, since the Ishimaru-type 
planetary-gear train has no torque circulation occurring at second speed as 
shown in FIG. 4B, which contributes to enhancement in transfer efficiency 
with respect to the Ravigneaux-type compound planetary-gear train wherein 

25 torque circulation occurs at second speed. FIG. 11 shows a comparison 
between the Ravigneaux-type compound planetary-gear train and the 
Ishimaru-type pianetary-gear train when the gear ratio a (= sun-gear teeth 
number/ring-gear teeth number) is within a typically applicable range (a = 
0.35-0.65) and that consideration is made about the preferable conditions 

30 that the gear-to-gear ratio is smaller as the gear ratio is higher. As for 
transfer efficiency at second speed, the transfer efficiency of the 
Ravigneaux-type compound planetary-gear train is 0.950 or 0.952 whereas 



17 



the transfer efficiency of the Ishimaru-type planetary-gear train is 0.972 
when the first planetary-gear set G1 is of the single-pinion type, and 0.968 
when the first planetary-gear set G1 is of the double-pinion type. 

f) Wide ratio coverage. The Ravigneaux-type compound 
5 planetary-gear train has a restriction affecting the setting of the gear ratio a, 
i.e. the number of ring-gear teeth is fixed, so that when the gear ratio a is 
within a typically applicable range (a = 0.35-0.65) and that consideration is 
made about the preferable conditions that the gear-to-gear ratio is smaller 
as the gear ratio is higher, the available ratio coverage or gear-ratio width 

10 (= first-speed gear ratio/sixth-speed gear ratio) is between 4.81 minimum 
and 7.20 maximum as shown in FIG. 11. On the other hand, with the 
Ishimaru-type planetary-gear train wherein the gear ratios a2, a3 of the two 
planetary-gear sets G2, G3 can be set separately independently, the 
available ratio coverage is wider than that of the Ravigneaux-type 

15 compound planetary-gear train, i.e. between 4.81 minimum and 7.80 
maximum when the first planetary-gear set G1 is of the 
single-pinion type, and between 5.08 minimum and 9.02 maximum when 
the first planetary-gear set G1 is of the double-pinion type as shown in FIG. 
11. This results in enhanced gear-ratio selection flexibility as shown by the 

20 values in FIG. 2, for example. Note that in FIG. 2, the values of 5.5-7.0 in 
the uppermost column designate ratio coverage. 

[0063] As is seen from the foregoing, the first embodiment produces the 
following effects: 

i) Strength advantage of the change-speed planetary-gear set, such 
2 5 as gear strength and life, since the change-speed planetary-gear set is 

constructed by the two planetary-gear sets G2, G3 to serve as Ishimaru 
type pianetary-gear train; 

ii) Excellent fuel consumption, since the Ishimaru-type 
planetary-gear train is free from torque circulation occurring at second 

30 speed; 

iii) Possible reduction in radial dimension of the transmission, since 
the input shaft 1 and the output gear 2 are arranged coaxially; 



iv) Possible downsizing of the change-speed planetary-gear set, 
since the change-speed planetary-gear set is constructed to serve as 
Ishimaru type planetary-gear train, which allows a reduction in strength 
requirements. This cooperates with coaxial arrangement of the input shaft 

5 1 and the output gear 2 to allow downsizing of the transmission; 

v) Enhanced gear-ratio selection flexibility with respect to when 
using Ravigneaux-type compound planetary-gear train; and 

vi) Possible downsizing of the reduction planetary-gear set and thus 
the transmission, since the first planetary-gear set G1 serves as reduction 

10 planetary-gear set for reducing input rotation at all times. 

[0064] Further, in the first embodiment, the gear change-speed unit 
comprises first, second, and third planetary-gear set G1, G2, G3. Thus, at 
first speed where torque becomes maximum, torque-transfer flow of the first 
planetary-gear set G1 is shared among all members of the second and third 

15 planetary-gear sets G2, G3, having the strength advantage. Moreover, the 
rotary members for receiving torque out of the first planetary-gear set 
G1 do not include sun gears of the second and third planetary-gear sets 
G2, G3, i.e. ring-gear input or carrier input is achieved, allowing a 50 
percent reduction in tangential force, having the advantage in gear strength 

20 and life, carrier rigidity, and the like. That is, the first embodiment can 
maintain the aforementioned advantages I) and II) obtained when adopting 
the Simpson-type planetary-gear set. 

[0065] Still further, in the first embodiment, the third planetary-gear set G3 
of the two planetary-gear sets G2, G3 constituting change-speed 

2 5 planetary-gear set for carrying out change speed by torque input out of the 
first planetary-gear set G1 includes a double-sun-gear type planetary-gear 
set having two sun gears S3, S4, and the member for inputting/outputting 
rotation to the carrier PC3 of the third planetary-gear set G3 includes center 
member CM disposed between the sun gears S3, S4 and coupled to the 

30 carrier PC3. Thus, when actualizing overdrive speed, input rotation can be 
transferred to the carrier PC3 of the change-speed planetary-gear set 
through the center member CM disposed between the sun gears S3, S4 of 
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the third planetary-gear set G3 without having parallel-axes arrangement of 
the input and output parts "Input", "Output". That is, overdrive speed can 
be actualized with the input and output parts arranged coaxially. This 
allows removal of the aforementioned problems III) and IV) associated with 
5 an increase in radial dimension of the transmission which is inevitable when 
adopting Simpson-type planetary-gear set. 

[0066] Furthermore, since the solution of the problems III) and IV) is 
achieved by using the third planetary-gear set G3 without relying on the 
Ravigneaux-type compound planetary-gear train, the problems can be 

10 eliminated without involving a strength problem raised when using the 
Ravigneaux-type compound planetary-gear train, i.e. strength disadvantage 
due to maximum torque of the gear train (at first speed) being applied to 
only one double-pinion type planetary-gear set of the Ravigneaux-type 
compound planetary-gear train. 

15 [0067] Further, when adopting the Ravigneaux-type compound 
planetary-gear train, torque increased by the reduction 
planetary-gear set is input to the sun gear of the Ravigneaux-type 
compound planetary-gear train, having greater tangential force with respect 
to ring-gear input and carrier input, resulting in disadvantage in gear 

2 0 strength and life, carrier rigidity, and the like. On the other hand, in the 
first embodiment adopting the third planetary-gear set G3, the problems III) 
and IV) can be eliminated without involving such disadvantage. 
[0068] Still further, when adopting the Ravigneaux-type compound 
planetary-gear train, the planetary-gear train has torque circulation 

2 5 occurring at second speed to reduce the transfer efficiency, leading to poor 
fuel consumption. On the other hand, in the first embodiment adopting the 
third pianetary-gear set G3, torque circulation does not occur to avoid poor 
fuel consumption. 

[0069] Furthermore, in the first embodiment, the first planetary-gear set G1 
30 includes a single-pinion type planetary-gear set, allowing a reduction in gear 
noise and number of parts, leading to enhancement in the transfer efficiency 
and thus fuel consumption. 
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[0070] Referring to FIG. 12, the structure of the first embodiment is 
described in detail. Note that the input and output parts 1, 2 in FIG. 12 are 
reversed left to right with respect to those in FIGS. 1 and 4A-6. The input 
shaft 1 and an intermediate shaft 4 are arranged in the transmission casing 
5 3 in the butt state allowing coaxial relative rotation, each shaft being 
supported rotatable separately with respect to the transmission casing 3. 
A front-end opening of the transmission casing 3 close to the input shaft 1 is 
concealed by a pump casing comprising a housing 5 and a cover 6. The 
input shaft 1, which is arranged through the pump casing for supporting, has 
10 a protruding end drivingly coupled to a unillustrated engine or power source 
through a unillustrated torque converter. 

[0071] A rear end of the intermediate shaft 4 distant from the input shaft 1 
is rotatably supported by an end cover 7 at a rear end of the transmission 
casing 3. An intermediate wall 8 is arranged in a roughly axially middle 
15 position of the transmission casing 3 to rotatably support the output gear 2. 
The intermediate wall 8 is formed with a center hole to rotatably support a 
butt portion of the input shaft 1 and the intermediate shaft 4 through a 
hollow shaft 9. 

[0072] The first planetary-gear set G1 is disposed in a front space defined 
20 between the pump casing and the intermediate wall 8. The third clutch C3 
is disposed to enclose the first planetary-gear set G1. The first 
planetary-gear set G1 has sup gear S1 fixedly mounted to the pump cover 6 
so as to disable rotation at all times, and ring gear R1 couple to a flange 10 
extending radially outward from the input shaft 1. A clutch drum 11 is 
2 5 arranged to extend radially outward from a front end of the intermediate 
shaft 4 close to the input shaft 1 so as to enclose the ring gear R1. A 
clutch pack 12 is arranged between the clutch drum 11 and the ring gear R1, 
and comprises a layered structure of clutch plates splined to the inner 
periphery of the clutch drum 11 and the outer periphery of the ring gear R1. 
30 The clutch drum 11 and the clutch pack 12 constitute third clutch C3. A 
piston 13 of the third clutch C3 is fitted in an end wall of the clutch drum 11 
facing the first planetary-gear set G1, and makes stroke under the working 
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oil pressure out of a hydraulic passage 14 formed through the pump cover 6, 
the input shaft 1, and the intermediate shaft 4 so as to allow engagement of 
the third clutch C3. A drum-shaped coupling member 9a is arranged to 
extend radially outward from a front end of the hollow shaft 9 so as to then 
5 enclose the third clutch C3, and has a front end coupled to the first carrier 
PCI 

[0073] The second and third planetary-gear sets G2, G3, the first and 
second clutches C1, C2, and the first and second brakes B1, B2 are 
disposed in a rear space defined between the intermediate wall 8 and the 

10 end cover 7. Specifically, the second and third planetary-gear sets G2, G3 
are disposed on the intermediate shaft 4, wherein the second 
planetary-gear set G2 is closer to the input shaft 1 than the third 
planetary-gear set G3. The sun gears S2, S3 of the second and third 
planetary-gear sets G2, G3 are integrated through the first coupling member 

15 M1, and are rotatably supported on the intermediate shaft 4. A clutch drum 
15 is arranged to extend radially outward from a roughly middle portion 
of the hollow shaft 9 and then axially backward to the outer periphery 
of the second ring gear R2. A clutch pack 16 is arranged between the 
clutch drum 15 and the ring gear R2, and comprises a layered structure of 

20 clutch plates splined to the inner periphery of the clutch drum 15 and the 
outer periphery of the ring gear R2. The clutch drum 15 and the clutch 
pack 16 constitute first clutch C1. 

[0074] In order to dispose the second clutch C2 closer to the input shaft 1 
than the first clutch C1 located at the outer periphery of the second 

25 planetary-gear set G2 as described above, a clutch hub 17 is fixedly 
mounted to the second sun gear S2 at an outer edge close to the input shaft 
1 to extend radially outward. A clutch pack 18 is arranged between the 
clutch hub 17 and the clutch drum 15, and comprises a layered structure of 
clutch plates splined to the outer periphery of the clutch hub 17 and the 

30 inner periphery of the clutch drum 15. The clutch hub 17 and the clutch 
pack 18 constitute second clutch C2. Pistons 19, 20 of the first and 
second clutches C1, C2, which include a double piston wherein the clutch 
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piston 20 slides inside the clutch piston 19, are disposed on the side of the 
second clutch C2 distant from the first clutch C1, so that the clutch piston 
20 is fitted in an end wall of the clutch drum 15 facing the second 
planetary-gear set G2. The clutch pistons 19, 20 make stroke under the 
5 working oil pressure out of respective hydraulic passages 21 (one of which 
being shown in FIG. 12) formed through the intermediate wall 8 and the 
hollow shaft 9 so as to allow individual engagement of the first and second 
clutches C1, C2. 

[0075] The third planetary-gear set G3 comprises a double-sun-gear type 
10 planetary-gear set as described above, wherein the ring gear R3 is smaller 
in teeth width than the pinion P3 to locate the ring gear R3 meshed with the 
pinion P3 at an end close to the second planetary-gear set G2, thus 
allowing shortening of the second coupling member M2 for coupling the ring 
gear R3 to the carrier PC2 of the second planetary-gear set G2. A 
15 cylindrical coupling member 22, which is disposed to enclose the clutch 
drum 15 of the first and second clutches C1, C2, has one end 
connected to the outer periphery of the ring gear R3 and another end 
connected to the output gear 2. 

[0076] As described above, provided to the carrier PC3 of the third 
20 planetary-gear set G3 are center member CM extending radially inward from 
a side member SM for supporting the pinion P3 through a space between 
the sun gears S3, S4, and outer member OM extending radially outward 
from the carrier PC3 in the roughly axially middle position of the pinion P3 
along an end face of the ring gear R3. The center member CM is drivingly 
25 coupled to the intermediate shaft 4, thereby coupling the carrier PC3 to the 
clutch drum 11 of the third clutch C3 through the center member CM and 
the intermediate shaft 4. A brake hub 23, which is coupled to the outer 
periphery of the outer member OM, is disposed at the outer periphery of the 
coupling member 22 to extend forward so as to approach the intermediate 
30 wall 8. A brake pack 24 is arranged between the brake hub 23 and the 
transmission casing 3, and comprises a layered structure of brake plates 
splined to the outer periphery of a front end of the brake hub 23 and the 
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inner periphery of the transmission casing 3, thereby constituting the first 
brake B1. The first bake B1 can be engaged as required by a brake piston 
25 fitted in the transmission casing 3 at a rear position of the brake pack 24. 
[0077] A brake hub 26 is arranged to conceal a rear end of the brake hub 
5 23, and has a rear-end wall 26a to extend circumferentially inward along the 
back of the third planetary-gear set G3. The inner periphery of the 
rear-end wall 26a is coupled to the sun gear S4 of the third planetary-gear 
set G3. A brake pack 27 is arranged between the brake hub 26 and the 
transmission casing 3, and comprises a layered structure of brake plates 

10 splined to the outer periphery of the brake hub 26 and the inner periphery of 
the transmission casing 3, thereby constituting the second brake B2. The 
second bake B2 can be engaged as required by a brake piston 28 fitted in 
the transmission casing 3 at a rear position of the brake pack 27. Thus, 
the first and second brakes B1, B2 are disposed at the outer peripheries of 

15 the first and second clutches C1, C2, respectively, wherein the first brake 
B1 is closer to the input shaft 1 or the first planetary-gear set G1 than the 
second brake B2, and wherein the first and second brakes B1, B2 are 
closer to the second planetary-gear set G2 than the third planetary-gear set 
G3. 

20 [0078] As is not shown in FIGS. 1 and 4A-6, a one-way clutch OWC is 
arranged between a front end of the brake hub 23 constituting the first brake 
B1 and the transmission casing 3, wherein first forward speed is achieved 
with the first brake B1 released and with one-direction rotation of the third 
carrier PC3 blocked by the one-way clutch OWC. At first speed achieved 

25 by the one-way clutch OWC, the clutch OWC allows reverse rotation of the 
third carrier PC3 during engine brake to obtain no engine brake, so that 
upon request of engine brake, the first brake B1 is engaged to block reverse 
rotation of the third carrier PC3. A countershaft 29 is rotatably arranged in 
the transmission casing 3 to be parallel to the input shaft 1 and the 

30 intermediate shaft 4, and it has a counter gear 30 and a final drive pinion 31 
integrated therewith. The counter gear 30 is meshed with the output gear 
2, whereas the final drive pinion 31 is meshed with a differential-gear device, 
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not shown, arranged between the automotive driving wheels. 
[0079] The first embodiment produces the following effects, since the first, 
second, and third planetary-gear sets, i.e. reduction planetary-gear set G1, 
single-pinion type planetary-gear set G2, and double-sun-gear type 
5 planetary-gear set G3, are arranged in parallel in this order from the side of 
the input shaft 1. That is, due to higher flexibility of layout of the ring gear 
R3 about the axial position at the outer periphery of the third planetary-gear 
set G3 located at the rear end the most distant from the input shaft 1, the 
ring gear R3 can be positioned closer to the input shaft 1 as shown in FIG. 

10 12 to mesh with the pinion P3. And the member for coupling the carrier 
PC3 of the third planetary-gear set G3 to the first brake B1 (brake hub 23) 
for fixing the carrier PC3 includes outer member OM which extends radially 
outward from the carrier PC3 in the roughly axially middle position of the 
pinion P3 along the end face of the ring gear R3 displaced forward or in the 

15 direction of the second planetary-gear set G2 and meshed with the pinion 
P3. Therefore, the transmission casing 3 (end cover 7) in the vicinity of 
the outer periphery of the rear end of the third planetary-gear set G3 can 
radially be narrowed as shown in FIG. 12 without interference from the ring 
gear R3 and the outer member OM. As a result, when achieving horizontal 

20 disposition in an automotive engine room, the gear change-speed unit can 
be reduced in the outer periphery of the end portion (end cover 7) distant 
from the input shaft 1 so as not to interfere with vehicle-body members 
protruding in the engine room, providing enhanced vehicle mountability in 
addition to the advantages as described with reference to FIGS. 1 and 4A-6. 

25 Moreover, due to a large space which the above arrangement of the ring 
gear R3 and the outer member OM provides in the vicinity of the outer 
periphery of the rear end of the third planetary-gear set G3, the end wall 
26a of the brake hub 26 connecting the fourth sun gear S4 and the second 
brake B2 for fixing thereof can be bent in such a way as to enter the space, 

30 resulting in sure radial narrowing of the transmission casing 3 (end cover 7) 
in the vicinity of the outer periphery of the rear end of the third 
planetary-gear set G3 as shown in FIG. 12. 
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[0080] Further, the two of the three clutches C1, C2, C3, i.e. first and 
second clutches C1, C2 for distributing output rotation of the first 
planetary-gear set G1 to the change-speed planetary-gear set comprising 
second and third planetary-gear sets G2, G3 are disposed closer to the 
5 second planetary-gear set G2 than the third planetary-gear set G3. 
Therefore, the clutches C1, C2 are disposed closer to the input shaft 1, 
allowing enlargement of a possible area of radially narrowing the 
transmission casing 3 (end cover 7) in the vicinity of the outer periphery of 
the rear end of the third planetary-gear set G3 regardless of presence of the 

10 first and second clutches C1, C2, resulting in further enhanced vehicle 
mountability of the gear change-speed unit when horizontally disposed in 
the engine room. Still further, the above disposition of the first and second 
clutches C1, C2 allows the clutches C1, C2 to approach the first 
planetary-gear set G1, reducing the length of the members (hollow shaft 9 

15 and clutch drum 15) for coupling the clutches C1, C2 to the first 
planetary-gear set G1, resulting in achievement of a reduction in length, 
size, and weight and a simplification of the coupling members. 
Furthermore, parallel arrangement of the first and second clutches C1, C2 
allows double-piston structure of the clutch pistons 19, 20, leading not only 

2 0 to axial downsizing thereof, but also to reduction in number of parts due to 
common use of return springs and centrifugal-pressure cancel chambers of 
the pistons 19, 20 and thus to downsizing and cost reduction of the 
transmission. 

[0081] Still further, in addition to the above disposition of the first and 
2 5 second clutches C1, C2, the pistons 19, 20 of the clutches C1, C2 are 
disposed on the side of the second planetary-gear set G2 distant from the 
third planetary-gear set G3. Therefore, the pistons 19, 20 are absent at 
the outer periphery of the third planetary-gear set G3, allowing radial 
narrowing of the transmission casing 3 (end cover 7) in the vicinity of the 
30 outer periphery of the rear end of the third planetary-gear set G3, resulting 
in further enhanced vehicle mountability of the gear change-speed unit 
when horizontally disposed in the engine room. 
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[0082] Furthermore, the third clutch C3 for directly providing rotation of the 
input shaft 1 to the change-speed planetary-gear set (carrier PC3 of the 
third planetary-gear set G3 in FIG. 12) comprising second and third 
planetary-gear sets G2, G3 is disposed at the outer periphery of the first 
5 planetary-gear set G1. Therefore, the third clutch C3 is located closer to 
the input shaft 1 than the first and second clutches C1, C2, allowing radial 
narrowing of the transmission casing 3 (end cover 7) in the vicinity of the 
outer periphery of the rear end of the third planetary-gear set G3, resulting 
in further enhanced vehicle mountability of the gear change-speed unit 

10 when horizontally disposed in the engine room. Moreover, this contributes 
not only to easy arrangement of the hydraulic passages 21, 14 for the 
clutches C1, C2, C3 and reduction in length difference therebetween, but 
also to improved controllability of the clutches and uniform response for 
shift in which the clutches are involved. 

15 [0083] Further, the piston 13 of the third clutch C3 is disposed on the side 
of the first planetary-gear set G1 close to the second planetary-gear set 
G2. Therefore, the piston 13 of the third clutch C3 is disposed opposite 
and adjacent to the pistons 19, 20 of the first and second clutches C1, C2, 
resulting in sure achievement of the above effect of contributing not only to 

20 easy arrangement of the hydraulic passages 21, 14 for the clutches C1, C2, 
C3 and reduction in length difference therebetween, but also to improved 
controllability of the clutches and uniform response for shift in which the 
clutches are involved. 

[0084] Still further, the hydraulic passage 21 for the first and second 
25 clutches C1, C2 are formed through the intermediate wail or output-gear 
support wall 8 provided to the transmission casing 3 between the first and 
second pianetary-gear sets G1, G2. This not only can reduce the length of 
the hydraulic passage 21 to be arranged between the control-valve body 
mounted to the transmission casing 3 in any given circumferential position 
30 and the first and second clutches C1, C2, but also can roughly equalize the 
lengths of the hydraulic passages 14, 21, resulting in uniform response for 
shift in which the clutches are involved. Moreover, the hydraulic passage 
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21 for the first and second clutches C1, C2, which serves to lead relatively 
high pressure due to large transfer torque of the clutches, is directly formed 
through the intermediate wall 8 having relatively large thickness for 
supporting the output gear 2 without any need of a separate and distinct 
5 reinforcing sleeve and the like, producing no increase in number of parts 
and manufacturing cost. 

[0085] Furthermore, the first and second brakes B1, B2 for fixing the rotary 
members (carrier PC3 and sun gear S4 of the third planetary-gear set G3 in 
FIG. 12) of the change-speed planetary-gear set comprising second and 

10 third planetary-gear set G2, G3 are disposed closer to the second 
planetary-gear set G2 than the third planetary-gear set G3. Therefore, 
even if the two brakes B1, B2 are arranged in association with the 
change-speed planetary-gear set comprising second and third 
planetary-gear sets G2, G3, they are disposed closer to the input shaft 1, 

15 having no blocking of the above effect of allowing radial narrowing of the 
transmission casing 3 (end cover 7) in the vicinity of the outer periphery 
of the rear end of the third planetary-gear set G3, resulting in 
further enhanced vehicle mountability of the gear change-speed unit when 
horizontally disposed in the engine room. Moreover, this can roughly 

20 equalize the lengths of the hydraulic passages for the brakes B1, B2, 
resulting in uniform response for shift in which the brakes are involved. 
[0086] Further, the first and second brakes B1 , B2 are disposed at the outer 
periphery of the first and second clutches C1, C2. Therefore, the coupling 
members OM, 26a for coupling the rotary members (third carrier PC3 and 

25 sun gear S4) to be fixed by the brakes B1, B2 to the brakes B1, B2 can be 
disposed on the side of the third planetary-gear set G3 distant from the 
second pianetary-gear set G2, i.e. on the rear side, facilitating provision of a 
mounting space of the coupling members OM, 26a. 

[0087] Furthermore, the first brake B1 for fixing the carrier PC3 of the third 
30 planetary-gear set G3 is disposed closer to the first planetary-gear set G1 
than the second brake B2 for fixing the sun gear S4 of the third 
planetary-gear set G3 distant from the second planetary-gear set G2. 
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Therefore, when extending to the third planetary-gear set G3 distant from 
the input shaft 1 the coupling member OM for coupling the carrier PC3 of 
the third planetary-gear set G3 to be fixed by the first brake B1 to the first 
brake B1 , and the coupling member 26a for coupling the sun gear S4 of the 
5 third planetary-gear set G3 distant from the second planetary-gear set G2 to 
be fixed by the second brake B2 to the second brake B2, arrangement of 
the coupling members OM, 26a is carried out easily in association with the 
positions of the carrier PC3 and the sun gear S4, and a reduction in length 
of the coupling members OM, 26a contributes greatly to enhancement in 

10 manufacturing cost, rigidity, and space efficiency. 

[0088] Further, the hydraulic passage 21 for the first and second clutches 
C1, C2 is formed through the intermediate wall 8 for supporting the output 
gear 2, whereas the hydraulic passage 14 for the third clutch C3 is formed 
through the pump cover 6. Therefore, all the hydraulic passages are 

15 concentratedly arranged at the front of the transmission casing 3 which is 
advantageous for passing of the hydraulic pressure out of the 
control-valve body, allowing simplification of the shift control circuit. 
[0089] Referring to FIG. 13 wherein like reference numerals designate like 
parts in FIG. 1, there is shown second embodiment of the present invention 

20 which is substantially the same as the first embodiment. In the second 
embodiment, the gear change-speed unit comprises first planetary-gear set 
or reduction gear G1, second planetary-gear set G2 of the single-pinion 
type, and third planetary-gear set G3 of the double-sun-gear type arranged 
coaxially in this order from a left end or end close to the input part "Input" 

25 (input shaft 1) in FIG. 13. The second and third planetary-gear sets G2, 
G3, which are the same in structure as those described in connection with 
FiG. 1, constitute change-speed pianetary-gear set or Ishimaru-type 
planetary-gear train. On the other hand, the first planetary-gear set G1 
comprises, in place of a single-pinion type planetary-gear set as described 

30 in connection with FIG. 1, a double-pinion type planetary-gear set including 
first sun gear S1, first ring gear R1, two first pinions P1a, P1b meshed with 
the gears S1, R1, respectively, and first carrier PC1 for rotatably supporting 
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the first pinions P1a, P1b. 

[0090] In the second embodiment, therefore, the input shaft 1 is coupled to 
the first carrier PC1 to receive engine rotation, and the first sun gear S1 is 
coupled and fixed to the transmission casing 3 at all times. The first ring 
5 gear R1 can be coupled as required to the second ring gear R2 through the 
first clutch C1, and to the second sun gear S2 through the second clutch 
C2. 

[0091] In the second embodiment as well, by engaging or releasing the 
clutches C1, C2, C3 and the brakes B1 f B2 in the combination shown in FIG. 

10 2, the gear change-speed unit constructed as described above can select 
corresponding speed, i.e. one of first to sixth forward speeds and reverse 
speed. Referring to FIGS. 14-17, shift operation of the second 
embodiment is described. Referring to FIG. 14 which is an alignment chart 
showing the rotating state of the rotary members of the gear change-speed 

15 unit at each speed, the boldest line is involved in the first planetary-gear set 
G1, and the bold line is involved in the change-speed planetary-gear train 
comprising second and third planetary-gear sets G2, G3. Referring 
to FIGS. 15-17, the bold line shows a torque-transfer path of the clutches, 
brakes, and members, and the hatching shows gears involved in torque 

2 0 transfer. 

[0092] First speed : As shown in FIG. 2, first speed is obtained by 
engagement of the first clutch C1 and the first brake B1. At first speed, in 
the second planetary-gear set G2, engagement of the first clutch C1 causes 
input of reduced rotation of the first planetary-gear set G1 to the second 

2 5 ring gear R2. On the other hand, in the third planetary-gear set G3, since 
engagement of the first brake B1 causes fixing of the third carrier PC3 to 
the transmission casing 3, the third sun gear S3 produces reverse-direction 
reduced rotation with respect to output rotation of the third ring gear R3. 
Rotation of the third sun gear S3 is transferred to the second sun gear S2 of 

30 the second planetary-gear set G2 through the first coupling member M1. 

[0093] Thus, the second planetary-gear set G2 receives normal-direction 
reduced rotation through the second ring gear R2 and reverse-direction 
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reduced rotation through the second sun gear S2. Rotation obtained by 
further decreasing reduced rotation of the second ring gear R2 is provided 
to the output gear 2 through the second carrier PC2 and the second 
coupling member M2. That is, as shown in FIG. 14, first speed is defined 
5 by the line connecting an engagement point of the first clutch C1 where 
reduced rotation of the first planetary-gear set G1 is input to the second ring 
gear R2 and an engagement point of the first brake B1 where rotation of the 
third carrier PC3 is stopped. And input rotation of the input shaft 1 is 
reduced and provided through the output gear 2. 

10 [0094] A torque-transfer path at first speed is as shown in FIG. 15A. Thus, 
torque acts on the first clutch C1 , first brake B1 , and members shown by the 
bold line and the first, second, and third planetary-gear sets G1, G2, G3 
(except the fourth sun gear S4) shown by the hatching. Specifically, at first 
speed, the first planetary-gear set G1 and the second and third 

15 planetary-gear sets G2, G3 constituting the Ishimaru-type planetary-gear 
train are involved in torque transfer. 

[0095] Second speed : As shown in FIG. 2, second speed is obtained by 
releasing the first brake B1 as engaged at first speed and engaging the 
second brake B2, i.e. by engagement of the first clutch C1 and the second 

20 brake B2. At second speed, in the second planetary-gear set G2, 
engagement of the first clutch C1 causes input of reduced rotation of the 
first planetary-gear set G1 to the second ring gear R2. On the other hand, 
in the third planetary-gear set G3, engagement of the second brake B2 
causes fixing of the fourth sun gear S4 to the transmission casing 3, thus 

2 5 achieving fixing of the third sun gear S3 coupled to the third pinion P3. 
This causes fixing of the second sun gear S2 coupled to the third sun gear 
S3 through the first coupling member M1. 

[0096] Thus, the second planetary-gear set G2 receives normal-direction 
reduced rotation through the second ring gear R2, and has the second sun 
30 gear S2 fixed to the transmission casing 3. Rotation obtained by further 
decreasing reduced rotation of the second ring gear R2 is provided to the 
output gear 2 through the second carrier PC2 and the second coupling 
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member M2. That is, as shown in FIG. 14, second speed is defined by the 
line connecting the engagement point of the first clutch C1 where reduced 
rotation of the first planetary-gear. set G1 is input to the second ring gear R2 
and an engagement point of the second brake B2 where rotation of the 
5 fourth sun gear S4 is stopped. And input rotation of the input shaft 1 is 
reduced and provided through the output gear 2. Note that a reduction 
amount at second speed is smaller than that at first speed. 
[0097] A torque-transfer path at second speed is as shown in FIG. 15B. 
Thus, torque acts on the first clutch C1, second brake B1, and members 

10 shown by the bold line and the first and second planetary-gear sets G1, G2 
shown by the hatching. With the third planetary-gear set G3, the non-fixed 
third pinion P3, which revolves simply around the fixed sun gears S3, S4 
with output rotation of the third ring gear R3, is not involved in torque 
transfer though it functions as a rotary member. 

15 [0098] Third speed : As shown in FIG. 2, third speed is obtained by 
releasing the second brake B2 as engaged at second speed and 
engaging the second clutch C2, i.e. by engagement of the first and second 
clutches C1, C2. At third speed, in the second planetary-gear set G2, 
engagement of the first clutch C1 causes input of reduced rotation of the 

20 first planetary-gear set G1 to the second ring gear R2. Simultaneously, 
engagement of the second clutch C2 causes input of this reduced rotation to 
the second sun gear S2 of the second planetary-gear set G2. 
[0099] Thus, the second planetary-gear set G2 receives the same reduced 
rotation through the second ring gear R2 and the second sun gear S2. 

2 5 Reduced rotation of the second carrier PC2 which rotates together with the 

gears R2, S2 is provided to the output gear 2 through the second coupling 
member M2. Note that this reduced rotation is the same as that of the first 
planetary-gear set G1. That is, as shown in FIG. 14, third speed is defined 
by the line connecting the engagement point of the first clutch C1 where 

3 0 reduced rotation of the first planetary-gear set G1 is input to the second ring 

gear R2 and an engagement point of the second clutch C2 where reduced 
rotation of the first planetary-gear set G1 is input to the second sun gear S2. 
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And input rotation of the input shaft 1 is reduced and provided through the 
output gear 2. Note that this input rotation is reduced at the same 
reduction ratio as that of the first planetary-gear set G1 . 
[0100] A torque-transfer path at third speed is as shown in FIG. 15C. 
5 Thus, torque acts on the first and second clutches C1, C2 and members 
shown by the bold line and the first and second planetary-gear sets G1, G2 
shown by the hatching. The third planetary-gear set G3 is not involved in 
torque transfer. 

[0101] Fourth speed : As shown in FIG. 2, fourth speed is obtained by 

10 releasing the second clutch C2 as engaged at third speed and engaging the 
third clutch C3, i.e. by engagement of the first, and third clutches C1, C3. 
At fourth speed, in the second planetary-gear set G2, engagement of the 
first clutch C1 causes input of reduced rotation of the first planetary-gear set 
G1 to the second ring gear R2. On the other hand, in the third 

15 planetary-gear set G3, engagement of the third clutch C3 causes input of 
input rotation of the input shaft 1 to the third carrier PC3 through the 
center member CM. This increases rotation of the third sun gear 
S3 with respect to that of the third ring gear R3, which is transferred to the 
second sun gear S2 through the first coupling member M1. 

2 0 [0102] Thus, the second planetary-gear set G2 receives reduced rotation 
through the second ring gear R2 and increased rotation through the second 
sun gear S2. Rotation obtained by increasing reduced rotation of the 
second ring gear R2 is provided to the output gear 2 through the second 
carrier PC2 and the second coupling member M2. Note that this increased 

25 rotation is lower than input rotation. That is, as shown in FIG. 14, fourth 
speed is defined by the line connecting the engagement point of the first 
clutch C1 where reduced rotation of the first pianetary-gear set G1 is input 
to the second ring gear R2 and an engagement point of the third clutch C3 
where rotation of the third carrier PC3 is input to the first carrier PC1. And 

30 input rotation of the input shaft 1 is slightly reduced and provided through 
the output gear 2. 

[0103] A torque-transfer path at fourth speed is as shown in FIG. 16A. 
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Thus, torque acts on the first and third clutches C1, C3 and members shown 
by the bold line and the first, second, and third planetary-gear sets G1, G2, 
G3 (except the fourth sun gear S4) shown by the hatching. 
[0104] Fifth speed : As shown in FIG. 2, fifth speed is obtained by releasing 
5 the first clutch C1 as engaged at fourth speed and engaging the second 
clutch C2, i.e. by engagement of the second and third clutches C2, C3. At 
fifth speed, engagement of the second clutch C2 causes input of reduced 
rotation of the first planetary-gear set G1 to the third sun gear S3 through 
the second sun gear S2 and the first coupling member M1. Simultaneously, 

10 engagement of the third clutch C3 causes input of input rotation of the input 
shaft 1 to the third carrier PC3 through the center member CM. 
[0105] Thus, the third planetary-gear set G3 receives input rotation through 
the third carrier PC3 and reduced rotation through the third sun gear S3. 
Increased rotation with respect to input rotation is provided to the output 

15 gear 2 through the third ring gear R3 and the second coupling member M2. 
That is, as shown in FIG. 14, fifth speed is defined by the line connecting 
the engagement point of the second cutch C2 where reduced 
rotation of first planetary-gear set G1 is input to the third sun gear S3 and 
the engagement point of the third clutch C3 where rotation of the third 

2 0 carrier PC3 is input to the first carrier PC1. And input rotation of the input 
shaft 1 is slightly increased and provided through the output gear 2. 
[0106] A torque-transfer path at fifth speed is as shown in FIG. 16B. Thus, 
torque acts on the second and third clutches C2, C3 and members shown 
by the bold line and the first and third planetary-gear sets G1, G3 (except 

2 5 the fourth sun gear S4) shown by the hatching. 

[0107] Sixth speed : As shown in FIG. 2, sixth speed is obtained by 
releasing the second dutch C2 as engaged at fifth speed and engaging the 
second brake B2, i.e. by engagement of the third clutch C3 and the second 
brake B2. At sixth speed, engagement of the third clutch C3 causes input 

30 of input rotation of the input shaft 1 to the third carrier PC3 through the 
center member CM. Moreover, engagement of the second brake B2 
causes fixing of the fourth sun gear S4 of the third planetary-gear set G3 to 



the transmission casing 3. 

[0108] Thus, the third planetary-gear set G3 receives input rotation through 
the third carrier PC3, and has the fourth sun gear S4 fixed to the 
transmission casing 3. Increased rotation with respect to input rotation is 
5 provided to the output gear 2 through the third ring gear R3 and the second 
coupling member M2. That is, as shown in FIG. 14, sixth speed is defined 
by the line connecting the engagement point of the third clutch C3 where 
rotation of the third carrier PC3 is input to the first carrier PC1 and the 
engagement point of the second brake B2 where the fourth sun gear S4 is 
10 fixed to the transmission casing 3. And input rotation of the input shaft 1 is 
increased and provided through the output gear 2. 

[0109] A torque-transfer path at sixth speed is as shown in FIG. 16C. 
Thus, torque acts on the third clutch C3, second brake B2, and members 
shown by the bold line and the third planetary-gear set G3 (except the third 

15 sun gear S3) shown by the hatching. 

[0110] Reverse : As shown in FIG. 2, reverse speed is obtained by 
engaging the second clutch C2 and the first brake B1. At reverse 
speed, engagement of the second clutch C2 causes input of reduced 
rotation of the first planetary-gear set G1 to the third sun gear S3 through 

20 the second sun gear S2 and the first coupling member M1. Moreover, 
engagement of the first brake B1 causes fixing of the third carrier PC3 to 
the transmission casing 3. 

[0111] Thus, the third planetary-gear set G3 receives normal-direction 
reduced rotation through the third sun gear S3, and has the third carrier 

2 5 PC3 fixed to the transmission casing 3. Reverse-direction reduced rotation 
of the third ring gear R3 is provided to the output gear 2 through the second 
coupling member M2. That is, as shown in FIG. 14, reverse speed is 
defined by the line connecting the engagement point of the second cutch C2 
where reduced rotation of the first planetary-gear set G1 is input to the third 

30 sun gear S3 and the engagement point of the first brake B1 where rotation 
of the third carrier PC3 is stopped. And input rotation of the input shaft 1 is 
reduced in the reverses direction and provided through the output gear 2. 
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[0112] A torque-transfer path at reverse speed is as shown in FIG. 17. 
Thus, torque acts on the second clutch C2, first brake B1, and members 
shown by the bold line and the first and third planetary-gear sets G1, G3 
(except the fourth sun gear S4) shown by the hatching. 
5 [0113] In addition to the effects as described in connection with the first 
embodiment, the second embodiment produces the following effects. That 
is, at first and second speed, ring-gear input can be achieved to the 
Ishimaru-type planetary-gear train comprising second and third 
planetary-gear sets G2, G3, resulting in further downsizing of the 
10 transmission. Moreover, due to no torque circulation at second speed, the 
transfer efficiency is enhanced at second speed, resulting in enhancement 
in fuel consumption. 

[0114] Referring to FIG. 18, the structure of the second embodiment is 
described in detail. Note that the input and output parts 1, 2 in FIG. 12 are 

15 reversed left to right with respect to those in FIGS. 13 and 15A-176. The 
input shaft 1 and an intermediate shaft 4 are arranged in the 
transmission casing 3 in the butt state allowing coaxial relative rotation, 
each shaft being supported rotatable separately with respect to the 
transmission casing 3. A front-end opening of the transmission casing 3 

2 0 close to the input shaft 1 is concealed by a pump casing comprising a 
housing 5 and a cover 6. The input shaft 1, which is arranged through the 
pump casing for supporting, has a protruding end drivingly coupled to an 
engine ENG or power source through a torque converter T/C. 
[0115] A rear end of the intermediate shaft 4 distant from the input shaft 1 

2 5 is rotatably supported by an end cover 7 at a rear end of the transmission 
casing 3. An intermediate wall 8 is arranged in a roughly axially middle 
position of the transmission casing 3 to rotatabiy support the output gear 2. 
The intermediate wall 8 is formed with a center hole to rotatably support a 
front end of the intermediate shaft 4 through a hollow shaft 9. 

30 [0116] The first planetary-gear set G1 is disposed in a front space defined 
between the pump casing and the intermediate wall 8. The third clutch C3 
is disposed to enclose the first planetary-gear set G1. The first 
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planetary-gear set G1 has sun gear S1 fixedly mounted to the pump cover 6 
so as to disable rotation at all times, and carrier PC1 couple to a flange 10 
extending radially outward from the input shaft 1. A clutch drum 11 is 
arranged to extend radially outward from a front end of the intermediate 
5 shaft 4 close to the input shaft 1 so as to enclose the ring gear R1 and the 
clutch hub 32, A clutch pack 12 is arranged between the clutch drum 11 
and the clutch hub 32, and comprises a layered structure of clutch plates 
splined to the inner periphery of the clutch drum 11 and the outer periphery 
of the clutch hub 32. The clutch drum 11 and the clutch pack 12 constitute 

10 third clutch C3. A piston 13 of the third clutch C3 is fitted in an end wall of 
the clutch drum 11 facing the first planetary-gear set G1, and makes stroke 
under the working oil pressure out of a hydraulic passage 14 formed 
through the pump cover 6, the input shaft 1, and the intermediate shaft 4 so 
as to allow engagement of the third clutch C3. A drum-shaped coupling 

15 member 9a is arranged to extend radially outward from a front end of the 
hollow shaft 9 so as to then enclose the third clutch C3, and has a 
front end coupled to the first ring gearRL 

[0117] The second and third planetary-gear sets G2, G3, the first and 
second clutches C1, C2, and the first and second brakes B1, B2 are 

2 0 disposed in a rear space defined between the intermediate wall 8 and the 
end cover 7. Specifically, the second and third planetary-gear sets G2, G3 
are disposed on the intermediate shaft 4, wherein the second 
planetary-gear set G2 is closer to the input shaft 1 than the third 
planetary-gear set G3. The sun gears S2, S3 of the second and third 

25 planetary-gear sets G2, G3 are integrated through the first coupling member 
M1, and are rotatably supported on the intermediate shaft 4. A clutch drum 
15 is arranged to extend radially outward from a roughly middie portion of 
the hollow shaft 9 and then axially backward to the outer periphery of the 
second ring gear R2. A clutch pack 16 is arranged between the clutch 

30 drum 15 and the ring gear R2, and comprises a layered structure of clutch 
plates splined to the inner periphery of the clutch drum 15 and the outer 
periphery of the ring gear R2. The clutch drum 15 and the clutch pack 16 
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constitute first clutch C1. 

[0118] In order to dispose the second clutch C2 closer to the input shaft 1 
than the first clutch C1 located at the outer periphery of the second 
planetary-gear set G2 as described above, a clutch hub 17 is fixedly 
5 mounted to the second sun gear S2 at an outer edge close to the input shaft 
1 to extend radially outward. A clutch pack 18 is arranged between the 
clutch hub 17 and the clutch drum 15, and comprises a layered structure of 
clutch plates splined to the outer periphery of the clutch hub 17 and the 
inner periphery of the clutch drum 15. The clutch hub 17 and the clutch 

10 pack 18 constitute second clutch C2. Pistons 19, 20 of the first and 
second clutches C1, C2, which include a double piston wherein the clutch 
piston 20 slides inside the clutch piston 19, are disposed on the side of the 
second clutch C2 distant from the first clutch C1, so that the clutch piston 
20 is fitted in an end wall of the clutch drum 15 facing the second 

15 planetary-gear set G2. The clutch pistons 19, 20 make stroke under the 
working oil pressure out of respective hydraulic passages 21 (one 
of which being shown in FIG. 18) formed through the intermediate wall 8 
and the hollow shaft 9 so as to allow individual engagement of the first and 
second clutches C1, C2. 

20 [0119] The third planetary-gear set G3 comprises a double-sun-gear type 
planetary-gear set as described above, wherein the ring gear R3 is smaller 
in teeth width than the pinion P3 to locate the ring gear R3 meshed with the 
pinion P3 at an end close to the second planetary-gear set G2, thus 
allowing shortening of the second coupling member M2 for coupling the ring 

2 5 gear R3 to the carrier PC2 of the second planetary-gear set G2. A 
cylindrical coupling member 22, which is disposed to enclose the clutch 
drum 15 of the first and second clutches C1, C2, has one end connected to 
the outer periphery of the second coupling member M2 and another end 
connected to the output gear 2. 

30 [0120] As is described in the first embodiment, provided to the carrier PC3 
of the third planetary-gear set G3 are center member CM extending radially 
inward from a side member SM for supporting the pinion P3 through a 
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space between the sun gears S3, S4, and outer member OM extending 
radially outward from the carrier PC3 in the roughly axially middle position 
of the pinion P3. The center member CM is drivingly coupled to the 
intermediate shaft 4, thereby coupling the carrier PC3 to the clutch drum 11 
5 of the third clutch C3 through the center member CM and the intermediate 
shaft 4. A brake hub 23, which is coupled to the outer periphery of the 
outer member OM, is disposed at the outer periphery of the coupling 
member 22 to extend forward so as to approach the intermediate wall 8. A 
brake pack 24 is arranged between the brake hub 23 and the transmission 

10 casing 3, and comprises a layered structure of brake plates splined to the 
outer periphery of a front end of the brake hub 23 and the inner periphery of 
the transmission casing 3, thereby constituting the first brake B1. The first 
bake B1 can be engaged as required by a brake piston 25 fitted in the 
intermediate wall 8 in front of the brake pack 24. 

15 [0121] A brake hub 26 is arranged to conceal a rear end of the brake hub 
23, and has a rear-end wall 26a to extend circumferentially inward along 
the back of the third planetary-gear set G3. The inner 
periphery of the rear-end wall 26a is coupled to the sun gear S4 of the third 
planetary-gear set G3. A brake pack 27 is arranged between the brake 

20 hub 26 and the transmission casing 3, and comprises a layered structure of 
brake plates splined to the outer periphery of the brake hub 26 and the inner 
periphery of the transmission casing 3, thereby constituting the second 
brake B2. The second bake B2 can be engaged as required by a brake 
piston 28 fitted in the transmission casing 3 at a rear position of the brake 

2 5 pack 27. Thus, the first brake B1 is disposed at the outer periphery of the 
first and second clutches C1, C2, whereas the second brake B2 is disposed 
at the outer periphery of the third pianetary-gear set G3, wherein the first 
brake B1 is closer to the input shaft 1 or the first planetary-gear set G1 than 
the second brake B2. 

30 [0122] As is not shown in FIGS. 13 and 15A-17, a one-way clutch OWC is 
arranged between an axially middle portion of the brake hub 23 constituting 
the first brake B1 and the transmission casing 3, wherein first forward speed 
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is achieved with the first brake B1 released and with one-direction rotation 
of the third carrier PC3 blocked by the one-way clutch OWC. At first speed 
achieved by the one-way clutch OWC, the clutch OWC allows reverse 
rotation of the third carrier PC3 during engine brake to obtain no engine 
5 brake, so that upon request of engine brake, the first brake B1 is engaged 
to block reverse rotation of the third carrier PC3. A countershaft similar to 
the countershaft 29 having a counter gear 30 and a final drive pinion 31 
integrated therewith as shown in FIG. 12 is rotatably arranged in the 
transmission casing 3, through which output rotation of the gear 
10 change-speed unit is provided to a differential-gear device arranged 
between the automotive driving wheels. 

[0123] In the same way as the first embodiment, the second embodiment 
produces the following effects, since the three planetary-gear sets, i.e. 
reduction planetary-gear set G1, single-pinion type planetary-gear set G2, 

15 and double-sun-gear type planetary-gear set G3, are arranged in parallel in 
this order from the side of the input shaft 1. That is, due to higher 
flexibility of layout of the ring gear R3 about the axial position at the outer 
periphery of the third planetary-gear set G3 located at the rear end the most 
distant from the input shaft 1, the ring gear R3 can be positioned closer to 

20 the input shaft 1 as shown in FIG. 18 to mesh with the pinion P3. And the 
member for coupling the carrier PC3 of the third planetary-gear set G3 to 
the first brake B1 (brake hub 23) for fixing the carrier PC3 includes outer 
member OM which extends radially outward from the carrier PC3 in the 
roughly axially middle position of the pinion P3 along the end face of the 

2 5 ring gear R3 displaced forward or in the direction of the second 
planetary-gear set G2 and meshed with the pinion P3. Therefore, the 
transmission casing 3 (end cover 7) in the vicinity of the outer periphery of 
the rear end of the third planetary-gear set G3 can radially be narrowed as 
shown in FIG. 18 without interference from the ring gear R3 and the outer 

30 member OM. As a result, when achieving horizontal disposition in an 
automotive engine room, the gear change-speed unit can be reduced in the 
outer periphery of the end portion (end cover 7) distant from the input shaft 
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1 so as not to interfere with vehicle-body members protruding in the engine 
room, providing enhanced vehicle mountability in addition to the advantages 
as described with reference to FIGS. 1 and 4A-6. Moreover, due to a large 
space which the above arrangement of the ring gear R3 and the outer 
5 member OM provides in the vicinity of the outer periphery of the rear end of 
the third planetary-gear set G3, the end wall 26a of the brake hub 26 
connecting the fourth sun gear S4 and the second brake B2 for fixing 
thereof can be bent in such a way as to enter the space, resulting in sure 
radial narrowing of the transmission casing 3 (end cover 7) in the vicinity of 

10 the outer periphery of the rear end of the third planetary-gear set G3 as 
shown in FIG. 18. This effect comes to the fore by bending the outer 
member OM in such a way as to conceal the outer periphery of the ring gear 
R3 as shown in FIG. 18 and then extend along the second coupling member 
M2. Thus, even with the second brake B2 disposed at the outer periphery 

15 of the third planetary-gear set G3, the transmission casing 3 (end cover 7) 
can radially be narrowed in the vicinity of the outer periphery of the 
rear end of the third planetary-gear set G3 as shown in FIG. 
18. 

[0124] Further, the two of the three clutches C1, C2, C3, i.e. first and 
2 0 second clutches C1, C2 for distributing output rotation of the first 
planetary-gear set G1 to the change-speed planetary-gear set comprising 
second and third planetary-gear sets G2, G3, are disposed closer to the 
second planetary-gear set G2 than the third planetary-gear set G3. 
Therefore, the clutches C1, C2 are disposed closer to the input shaft 1, 
25 allowing enlargement of a possible area of radially narrowing the 
transmission casing 3 (end cover 7) in the vicinity of the outer periphery of 
the rear end of the third pianetary-gear set G3 regardless of presence of the 
first and second clutches C1, C2, resulting in further enhanced vehicle 
mountability of the gear change-speed unit when horizontally disposed in 
30 the engine room. Still further, the above disposition of the first and second 
clutches C1, C2 allows the clutches C1, C2 to approach the first 
planetary-gear set G1, reducing the length of the members (hollow shaft 9 
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and clutch drum 15) for coupling the clutches C1, C2 to the first 
planetary-gear set G1, resulting in achievement of a reduction in length, 
size, and weight and a simplification of the coupling members. 
Furthermore, parallel arrangement of the first and second clutches C1, C2 
5 allows double-piston structure of the clutch pistons 19, 20 as described 
above, leading not only to axial downsizing thereof, but also to reduction in 
number of parts due to common use of return springs and 
centrifugal-pressure cancel chambers of the pistons 19, 20 and thus to 
downsizing and cost reduction of the transmission. 

10 [0125] Still further, in addition to the above disposition of the first and 
second clutches C1, C2, the pistons 19, 20 of the clutches C1, C2 are 
disposed on the side of the second planetary-gear set G2 distant from the 
third planetary-gear set G3. Therefore, the pistons 19, 20 are absent at 
the outer periphery of the third planetary-gear set G3, allowing radial 

15 narrowing of the transmission casing 3 (end cover 7) in the vicinity of the 
outer periphery of the rear end of the third planetary-gear set G3, 
resulting in further enhanced vehicle mountability of the gear 
change-speed unit when horizontally disposed in the engine room. 
[0126] Furthermore, the third clutch C3 for directly providing rotation of the 

2 0 input shaft 1 to the change-speed planetary-gear set (carrier PC3 of the 
third planetary-gear set G3 in FIG. 18) comprising second and third 
planetary-gear sets G2, G3 is disposed at the outer periphery of the first 
planetary-gear set G1. Therefore, the third clutch C3 is located closer to 
the input shaft 1 than the first and second clutches C1, C2, allowing radial 

25 narrowing of the transmission casing 3 (end cover 7) in the vicinity of the 
outer periphery of the rear end of the third planetary-gear set G3, resulting 
in further enhanced vehicle mountability of the gear change-speed unit 
when horizontally disposed in the engine room. Moreover, this contributes 
not only to easy arrangement of the hydraulic passages 21, 14 for the 

30 clutches C1, C2, C3 and reduction in length difference therebetween, but 
also to improved controllability of the clutches and uniform response for 
shift in which the clutches are involved. 
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[0127] Further, the piston 13 of the third clutch C3 is disposed on the side 
of the first planetary-gear set G1 close to the second planetary-gear set G2. 
Therefore, the piston 13 of the third clutch C3 is disposed opposite and 
adjacent to the pistons 19, 20 of the first and second clutches C1, C2, 
5 resulting in sure achievement of the above effect of contributing not only to 
easy arrangement of the hydraulic passages 21,14 for the clutches C1 , C2, 
C3 and reduction in length difference therebetween, but also to improved 
controllability of the clutches and uniform response for shift in which the 
clutches are involved. 

10 [0128] Still further, the hydraulic passage 21 for the first and second 
clutches C1, C2 are formed through the intermediate wall or output-gear 
support wall 8 provided to the transmission casing 3 between the first and 
second planetary-gear sets G1, G2. This not only can reduce the length of 
the hydraulic passage 21 to be arranged between the control-valve body 

15 mounted to the transmission casing 3 in any given circumferential position 
and the first and second clutches C1, C2, but also can roughly equalize 
the lengths of the hydraulic passages 14, 21, resulting in uniform 
response for shift in which the clutches are involved. 

[0129] Furthermore, the first brake B1 for fixing the carrier PC3 of the third 
2 0 planetary-gear set G3 is disposed closer to the first planetary-gear set G1 
than the second brake B2 for fixing the sun gear S4 of the third 
planetary-gear set G3 distant from the second planetary-gear set G2. 
Therefore, when extending to the third planetary-gear set G3 distant from 
the input shaft 1 the coupling member OM for coupling the carrier PC3 of 
2 5 the third planetary-gear set G3 to be coupled by the first brake B1 to the 
first brake B1, and the coupling member 26a for coupling the sun gear S4 of 
the third planetary-gear set G3 distant from the second pianetary-gear set 
G2 and to be fixed by the second brake B2 to the second brake B2, 
arrangement of the coupling members OM, 26a is carried out easily in 
30 association with the positions of the carrier PC3 and the sun gear S4, and a 
reduction in length of the coupling members OM, 26a contributes greatly to 
enhancement in manufacturing cost, rigidity, and space efficiency. 
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[0130] Further, the hydraulic passage 21 for the first and second clutches 
C1, C2 is formed through the intermediate wall 8 for supporting the output 
gear 2, whereas the hydraulic passage 14 for the third clutch C3 is formed 
through the pump cover 6. Therefore, all the hydraulic passages are 
5 concentratedly arranged at the front of the transmission casing 3 which is 
advantageous for passing of the hydraulic pressure out of the control-valve 
body, allowing simplification of the shift control circuit. 

[0131] Having described the present invention in connection with the 
illustrative embodiment, it is noted that the present invention is not limited 
10 thereto, and various changes and modifications can be made without 
departing from the scope of the present invention. 

[0132] The entire teachings of Japanese Patent Application P2002-207242 
filed July 16, 2002 are incorporated hereby by reference. 



